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Introduction
In a time of tight public finance conditions, frequently because of the high level of sovereign debts, there is a large and expanding debate on the effects of taxation on the level and growth of GDP. Scholars and policy makers alike -for a given level of fiscal pressure-are interested in whether the tax mix, i.e., the distribution of overall tax revenue across different tax sources, has a separate influence on the growth performance of a country. The most influential contribution, on which the OECD has based its policy prescriptions in the last years, is a paper by Arnold, Brys, Heady, Johansson, Schwellnus and Vartia published on the Economic Journal in 2011 (hereafter ABHJSV). For a sample of 21 OECD countries over the 1971-2004 period, they show that tax revenue is negatively and significantly associated with per capita GDP, while a shift from direct to indirect taxation is positively and significantly correlated with per capita GDP.
In this paper we replicate and test the robustness of these influential results. We first replicate the analysis in ABHJSV using the same sub-sample of OECD countries and the same time period. We estimate the relationships between tax burden, tax mix and per capita GDP, controlling for the standard growth determinants (fixed capital formation, human capital, population growth). Following ABHJSV, we adopt the panel version of an Error Correction Model (ECM) specification, i.e., the Pooled Mean Group Estimator (Pesaran et al., 1999) . Our replication exercise confirms the findings of ABHJSV regarding the long-run partial correlations between per capita GDP, tax pressure and the tax mix. However, while ABHJSV do not report the short-run correlations between those variables, we show that in the short run the shift from direct to indirect taxation is not significantly correlated with per capita GDP. The only exception in the short run is a negative and significant correlation between taxes on immovable property and per capita GDP.
Second, we check whether -focusing on the same set of countries (21) and the same time period )-the results of ABHJSV are robust to using more conservative estimates of the standard errors, i.e., by clustering them at the country level (Bertrand et al. 2004) . In this case the only result we can confirm is the negative and significant correlation between per capita GDP and tax revenue in the long run. All the other longrun correlations between the tax mix and GDP are not statistically significant at the ordinary confidence levels.
Since the data in ABHJSV stop well before the economic and financial crisis that started in 2008, it is particularly important to check whether their findings still hold on a longer time period which includes the crisis and the post-crisis period. Also, because of reasons of data availability, the analysis of a longer -and more recent-time period allows us to include a larger set of OECD countries. So, a third step in our analysis is to check the robustness of their results by extending their sample: more precisely, (i) we prolong the ABHJSV sample of countries to the most recent available years, i.e., up to 2014; (ii) we consider the full -and balanced-sample of 34 OECD countries during the 1995-2014 period; (iii) we restrict ourselves to the sample of OECD countries belonging to the Eurozone, again during the 1995-2014 period.
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In case (i) -when not clustering the standard errors at the country level-we can confirm the existence of a significant long-run negative correlation between the shift from indirect to direct taxes and GDP growth, which is however of the opposite sign in the short run. Interestingly, property taxation is positively correlated with per capita GDP in the long run, while the opposite holds in the short run. On the other hand, the long-run correlation between tax revenue and GDP growth is only significant in one specification over five. However, when we cluster the standard errors at the country level, none of these long-run correlations is significant.
Regarding cases (ii) and (iii), neither the correlation of per capita GDP with tax revenue nor the ones with the tax mix are found to be statistically significant. This holds for both the long run and the short run, with and without clustered standard errors. The only noticeable exceptions to this lack of significant results are that -when not clustering the standard errors-a shift from personal to corporate taxation of income is positively and significantly correlated with GDP per capita in the long run, and that a shift from income to property taxes is negatively associated to per capita GDP in the short run.
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The paper is organized as follows: Section 2 presents the data and the empirical strategy, while Section 3 displays our results. Section 4 concludes.
Data and Empirical Strategy
We collect economic and fiscal data on the 34 countries that are currently members of the OECD, for the period from 1970 to 2014.
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Economic variables include GDP at constant 2010 prices per head of population aged 15-64 years, the investment rate -proxied by the ratio of gross fixed capital formation to real GDP-the stock of human capital -proxied by the average number of years of schooling of the population aged between 15 and 64 years-, and the growth rate of the working age population. All variables come from OECD but the human capital variable which comes from the Barro-Lee (2013) dataset, recently updated up to 2016.
Fiscal data refer to total government and are taken from OECD revenue statistics. As in Arnold (2008) , we organize these data as follows: income taxes include categories 1000 (taxes on income, profits and capital gains), 2000 (social security contributions) and 3000 (taxes on payroll and workforce); personal income taxes include categories 1100 (taxes on income, profits and capital gains of individuals), 2000 and 3000.
4 Consumption and property taxes include categories 4000 (taxes on property), 5000 (taxes on good and services) and 6000 (other taxes); consumption taxes in turn include categories 5000 and 6000. Recurrent taxes on immovable property include categories 4100 (recurrent taxes on immovable property) and 4600 (other recurrent taxes on property), while other property taxes include categories from 4200 to 4500 (recurrent taxes on net wealth; estate inheritance and gift taxes; taxes on financial and capital transactions; non recurrent taxes on property). The overall tax burden is computed as the ratio of total tax revenue to GDP, while all the other fiscal variables are expressed as shares over total tax revenue. This allows to estimate the relationship between revenue-neutral tax shifts and GDP per capita. All data are available at yearly frequency.
We follow the estimation methodology proposed by ABHJSV within a panel Error Correction framework:
where, for each country i and in each year t, Y is real GDP per head of population, K is the investment rate, H is the stock of human capital, and n is the growth rate of the working age population. F ISCAL is a vector which refers to a set of tax structure variables: the overall tax burden, income taxes, personal income taxes, corporate income taxes, consumption and property taxes (taken together), consumption taxes, property taxes, recurrent taxes on immovable property and other property taxes. The parameters a 0 are a set of country fixed effects and F i (t) is a set of five-year dummies, whose coefficients are country specific. 5 The terms with coefficients starting with "a" and "b" capture long-term and short-term dynamics respectively, while i,t is the error term. Equation (1) is estimated by means of the Pooled Mean Group (PMG) estimator proposed by Pesaran et al. (1999) , by allowing short-run coefficients, the speed of adjustment and error variances to differ across countries, but imposing homogeneity on long-run slope coefficients. Cross-sectional dependence is also taken into account, given that the countries analyzed are characterized by a high degree of economic integration. 7 We perform four sets of estimates. First, we replicate the estimation proposed by ABHJSV (page F63) for the same sample of 21 OECD countries and the same time period 1971-2004. 8 Second, we prolong the time period up to 2014, using the same sample of countries. Third, we perform our estimations on an expanded dataset composed by all the 34 OECD countries, for the period 1995-2014. 9 Finally, our empirical analysis is performed on a reduced set of countries, i.e., OECD countries that are current members of the Eurozone. 10 
Empirical Results
Results are presented in Tables 1-8 . Odd-numbered tables show results with conventional standard errors, while in even-numbered tables -in order not to inflate the precision of our estimates because of potential within-group correlation of the error term-we cluster the standard errors at the country level (Bertrand et al. 2004) . Since the PMG estimator allows for country-specific short-run dynamics, there is a difference in the estimated conventional and clustered standard errors only for the long-run coefficients. Hence in odd-numbered tables we display both long-run and short-run results, while in evennumbered tables we only show the long-run ones.
[ Tables 1 and 2 about here] Table 1 replicates the estimation proposed by ABHJSV (page F63) for the same sample of 21 countries and the same time period 1971-2004. 11 In line with what they found, we identify a negative and significant long-run correlation between the tax burden and per capita GDP, and a positive and significant long-run correlation between a shift from income to consumption and property taxes and growth.
12 Differently from ABHJSV -who find a negative and significant correlation-a shift to corporate income taxation is not significantly correlated with per capita GDP.
Interestingly, in the short run (not reported by ABHJSV) the tax burden is negatively and significantly correlated with per capita GDP only in three specifications over five, while the only significant tax shift is the one towards taxes on immovable property, which in fact is negatively correlated with per capita GDP.
In Table 2 the only result robust to clustering is the negative relationship between overall tax revenue and per capita GDP in the long run.
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[ Tables 3 and 4 about here] Estimates in Tables 3 and 4 are based on the same sample of countries considered by ABHJSV, but the time period is prolonged up to 2014, with conventional and clustered standard errors respectively. In Table 3 only in one specification out of five the negative long-run correlation between the tax burden and per capita GDP is found to be (mildly) significant. We can confirm the positive long-run correlation of per capita GDP with a shift from income taxation to consumption and property taxation. However, when disentangling personal and corporate income taxes, a shift to the former is negatively associated with GDP, while the latter is positively correlated with GDP. Moving to the short run, the tax burden is negatively and significantly associated with GDP in all specifications, while correlations with the tax mix run contrary to what found in the long run: a shift from consumption and property taxation to income taxation (both personal and corporate) is positively and significantly correlated with GDP.
14 In Table 4 we find that none of these correlations is significant.
[ Tables 5 and 6 about here] 11 We realized that for this time period OECD fiscal data are available also for Luxembourg, Korea (Rep. of) and Turkey. We check that results in Table 1 are confirmed when we include these countries, both one at a time and all together.
12 When separating out consumption and property taxes, only a shift from income to property taxation is positively significantly correlated with GDP. 13 One must notice that -when clustering the standard errors-the coefficient on the accumulation of physical capital in the long run is no longer statistically significant.
14 The human capital variable enters with a positive sign in the regressions but is not statistically significant at ordinary confidence levels. This result is similar to Mankiw et al. (1992) and Islam (1995) . Tables 5 and 6 show results for an expanded dataset composed by all the 34 OECD countries, for the period 1995-2014. We find that the tax burden is not significantly associated with economic growth in the long run, and that it is negatively associated with economic growth in the short run only in two out of five specifications. A shift from income to consumption and property taxes is not significantly related to per capita GDP in the long run, while the association between these two variables in the short run turns out to be negative -as already found in Table 3 . Interestingly, a shift from consumption and property taxes to corporate taxation of income is positively and significantly correlated with GDP per capita in the long run. In Table 6 we cluster the standard errors at the country level. We do not find any significant relationship.
[ Tables 7 and 8 about here] Finally, Table 7 and Table 8 show results only for the OECD countries that are current members of the Eurozone, again for the period 1995-2014. In Table 7 we find a negative and significant correlation between the overall tax burden and per capita GDP only in one specification over five in the long run (column 2) and in two specifications in the short run (columns 1 and 5). Regarding the tax mix, the shift from consumption and property taxation to income is not statistically significant in the long run: in fact, it is a combination between a negative and significant correlation of per capita GDP with personal income taxation and a positive and significant correlation with corporate taxation. In the short run the only significant correlation we detect is the negative one between a shift from income to property taxes driven by immovable property and GDP, similarly to what found in Tables 1, 3 and 5. In Table 8 , when we cluster the standard errors at the country level, the only significant result is that shifting away from personal taxes is related to higher economic growth.
Conclusions
This paper challenges the "OECD view", supported by the findings in ABHJSV, according to which in the long run the tax burden is negatively related with economic growth, while a shift from direct to indirect taxes is associated with higher economic growth. We show that these relationships hold true only in the long run and in the same sample of countries and the same time period considered by ABHJSV. However, these same findings are not robust to more cautious estimates of the standard errors, i.e., when clustering them at the country level. In this case, the only result which is confirmed is the negative relationship between tax revenue and economic growth, while the tax mix is no longer related to economic growth. Moreover, the results in ABHJSV are generally not robust to prolonging the time period under consideration, to enlarging the set of OECD countries, to focusing on the (possibly) more homogeneous Eurozone, and to adopting more cautious estimates of the standard errors.
In addition to replicating and checking the robustness of previous results, we also provide some interesting new findings about the differences in the long and short run correlations between fiscal policy and economic growth. Even in the same sample of countries and the same time period considered by ABHJSV, a tax shift from direct to indirect taxes has no relationship with economic growth in the short run. Though neglected by ABHJSV, short-run correlations might be very important when assessing the political feasibility of economic reforms, because voters are more likely to care about short -rather than long-run "effects" (Castanheira et al. 2012) . This is particularly true in times of economic instability, as reflected by the growing consensus obtained by populist parties which base their platforms on short-term protection policies and on "pandering" to what people want (Canes-Wrone et al. 2001).
Interestingly, in the short run we find a negative and significant correlation between a shift from income taxes to recurrent taxes on immovable property and economic growth, which runs contrary to the standard "OECD view" and the recommendations by the European Commission itself (European Commission Services 2006).
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From a theoretical viewpoint, the differences we find in the short-run and long-run correlations of economic growth and taxation might be connected with the differential salience of taxes along different time horizons (Chetty et al. 2009 ). This is a promising avenue for future research. 15 In fact, to date those policy recommendations on efficient tax shifts have been only very partially implemented by developed countries. On EU countries see e.g. Bernardi (2013). All columns include measures of the accumulation of physical and human capital and population growth as basic growth determinants as well as the overall tax burden as a control variable. They also report the effects of various revenue-neutral tax shifts. All economic variables are in logs. All the variables in the short run are in first difference. The short-run coefficients related to economic variables (b 1i , b 2i and b 3i ) are not reported. Standard errors are shown in parentheses: * significant at 10 per cent; ** significant at 5 per cent; *** significant at 1 per cent. All columns include measures of the accumulation of physical and human capital and population growth as basic growth determinants as well as the overall tax burden as a control variable. They also report the effects of various revenue-neutral tax shifts. All economic variables are in logs. All the variables in the short run are in first difference. The short-run coefficients related to economic variables (b 1i , b 2i and b 3i ) are not reported. Standard errors are shown in parentheses: * significant at 10 per cent; ** significant at 5 per cent; *** significant at 1 per cent. All columns include measures of the accumulation of physical and human capital and population growth as basic growth determinants as well as the overall tax burden as a control variable. They also report the effects of various revenue-neutral tax shifts. All economic variables are in logs. Clustered standard errors are shown in parentheses: * significant at 10 per cent; ** significant at 5 per cent; *** significant at 1 per cent. All columns include measures of the accumulation of physical and human capital and population growth as basic growth determinants as well as the overall tax burden as a control variable. They also report the effects of various revenue-neutral tax shifts. All economic variables are in logs. All the variables in the short run are in first difference. The short-run coefficients related to economic variables (b 1i , b 2i and b 3i ) are not reported. Standard errors are shown in parentheses: * significant at 10 per cent; ** significant at 5 per cent; *** significant at 1 per cent. Pesaran et al. (1999) within a panel error-correction framework. All columns include measures of the accumulation of physical and human capital and population growth as basic growth determinants as well as the overall tax burden as a control variable. They also report the effects of various revenue-neutral tax shifts. All economic variables are in logs. Clustered standard errors are shown in parentheses: * significant at 10 per cent; ** significant at 5 per cent; *** significant at 1 per cent.
